Regulation of mitochondrial DNA copy number during spermatogenesis.
The nuclear genome is physically compacted during spermatogenesis by replacing histones with protamines and transition proteins. This altered nuclear protein context may make gene regulation at the transcriptional level less efficient and could explain why post-transcriptional regulation is prominent in haploid male germ cells. Mitochondria and mitochondrial (mt) DNA are maternally inherited, whereas the transmission of paternal mtDNA is blocked in mammals. The paternal mtDNA enters the oocyte but is no longer detectable in the preimplantation embryo. Several mechanisms could be responsible for preventing the transmission of paternal mtDNA, including the down-regulation of mtDNA copy number during spermatogenesis, specific elimination of paternal mitochondria in fertilized oocytes, and the suspension of mtDNA replication in the fertilized oocyte. It is the first of these that is the subject of the present review. Mitochondrial transcription factor A (mtTFA, or Tfam) is a key regulator of mtDNA copy number in mammals. Germ cell-specific Tfam transcript isoforms are expressed during spermatogenesis in mice and humans. These alternative Tfam transcript isoforms have a structure that could prevent protein translation; their expression coincides with down-regulation of the mitochondrial Tfam protein values. We propose that this down-regulation of mitochondrial Tfam protein levels in turn down-regulates mtDNA copy number during mammalian spermatogenesis.